Joint Institute for Laboratory Astrophysics 


Rha 


University of Colorado at Boulder National Institute of Standards and Technology 


/<?£ f 7~ 

NAS^/t*- 113019 

Campus Box 440 
Boulder, CO 80309-0440 
(303) 492-7856 

INTERNET: mitch@jila.colorado.edu 
Telex: 755842 


Dr. Mitchell C. Begelman 
Rm. A808 
FAX: 492-5235 

SPAN/DECNET: 33833::mitch 


December 6, 1997 


B. Hill 

Closeout Administrator 
NASA 

Headquarters/Acquisition Div. 
Code 210, H/BH 
Goddard Space Flight Center 
Greenbelt, MD 20771 


/^y yUft^~ 

7 // - 6 

7 S/T 
/^?y7 ? & 


To whom it may concern: 

This is the final report on NASA graii^^GW-38 Drives the Outflows in 

Broad Absorption Line QSOs?” (PI: Mitchell CT^^gehriaTrT^he Regents of the University of 
Colorado, Campus Box 19, Boulder, CO 80309-0019), covering the period 4/1/94-9/30/97. 

This grant has provided partial support for one graduate student (N. Arav) and two 
postdoctoral researchers (N. Arav, M. de Kool). We have made progress on 3 areas related 
to the propulsion and confinement of gas responsible for broad absorption troughs in QSOs: 

• Radiative Acceleration in BALQSOs : Arav, Begelman, and Z. Li (then a graduate 
student working with Begelman) adapted the standard theory for radiatively driven 
O-star winds (Castor, Abbott & Klein 1975) to the very different conditions thought to 
exist in the outflows responsible for broad absorption lines (BALs) in quasars. Instead 
of the ~ 10 4 lines responsible for accelerating O-star winds, at most a few dozen strong 
resonance lines (and probably just a handful) contribute to the acceleration of quasar 
winds. The radiation force is also a much more steeply decreasing function of column 
density in the latter case. We showed that radiative acceleration was consistent with 
the observed ionization states and profiles of the BALs, and developed quantitative 
models for BALQSO spectra. 

• The “Ghost” of Lyman a : While the existence of the BALs implies the absorption of 
significant photon momentum by the outflowing gas, proof had been lacking that UV 
radiation pressure dominates the acceleration process. Arav and Begelman, however, 
have shown that the characteristic “double-trough” structure often observed in C IV 
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BAL profiles (first noted by Weymann et al. 1991) is a strong indicator that the gas 
is accelerated by the radiation force due to only a few of the strongest UV resonance 
lines. In effect, the double trough structure is a “ghost” of the N V 1240 A/Ly a 
1216 Aemission line complex. We infer that resonance scattering of N V alone must 
provide about 10-20% of the total radiation force in those objects which show the 
double trough, and predict that the continua of these objects will be found to drop 
sharply shortward of 1200 A. 

• Magnetic Con^jrieTnent of^Absorbing Gas : The gas responsible for QSO broad absorp- 
tion lines must be confined to a small fraction of the total volume, in order to main- 
tain the correct ionization state. De Kool and Begelman developed a hybrid model 
in which absorbing cloudlets are accelerated by radiation pressure, along combed- 
out magnetic field lines. The radiation force confines the clouds parallel to the field 
lines, while magnetic stresses provide lateral confinement and prevent the clouds from 
spreading sideways. In addition to explaining the covering factor and inferred geom- 
etry of the BAL outflows, our model provides a natural explanation for the small size 
of the individual absorbing cloudlets. 

A list of publications resulting from this grant is attached. 


Sincerely yours, 

Mitchell C. Begelman 
Principal Investigator 
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